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A NOTE ON THE DETERMINATION OF THE 

RETINA'S SENSITIVITY TO COLORED LIGHT 

IN TERMS OF RADIOMETRIC UNITS 



By C. E. Ferree and Gertrude Rand 
Bryn Mawr College 



About a year ago 1 the writers undertook to determine 
the retina's sensitivity, relative and absolute, to colored light 
in terms of units that can be compared. Since several years 
will be required to complete this work, they have thought 
it best to publish a preliminary note showing briefly the 
purpose and scope of the investigation. The following 
points will serve to indicate what is being attempted in this 
study. 

(i) All measurements of sensitivity will be made in radio- 
metric terms. This will give an expression of the sensitivity 
of the retina in units which are directly comparable with one 
another. At present we have no direct estimate of the com- 
parative sensitivity of the retina to the different colors further 
than is expressed, for example, by the relative width of the 
collimator-slit that has to be used to arouse color sensation 
when a light-source of a given candle-power is used. This 
kind of comparison is obviously unfair because such different 
amounts of energy are represented from point to point in the 
spectrum that a given width of slit would admit many times 
the amount of energy at one part of the spectrum that it 
would at another. In short, no adequate estimation and ex- 
pression of the retina's sensitivity to color, comparative or 
absolute, can be made by means of the methods now in 
common use. 2 

1 The first public statement of our intention to use radiometric units 
in the investigation of the retina's sensitivity to color was made to 
the committee in charge of the Sarah Berliner Research Fellowship, 
February I, 191 1. 

2 Two criticisms have been received from private sources which it 
may be well to take account of here. In one the possibility of a point 
of view is implied, in the other a point of view is stated. The point of 
view, the possibility of which is implied in the first criticism, is that it 
is not proper to estimate the sensitivity of the retina in terms of physi- 
cal units, because it is generally conceded by modern investigators of 
color vision that the retinal processes which transform the physical 
energy of the color stimulus into nervous energy is essentially chemical 
in its nature ; and one can not assume that a certain amount of physical 
energy arouses an equal amount of chemical energy in the retina, or 
that equal amounts of physical energy arouse equal amounts of chem- 
ical energy. In answer to this, the writers would point out that these 
chemical substances are a part of the retina and their respective iner- 
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(2) Comparisons of results on many other points with 
such disparate stimuli seem equally inadequate: the relative 
time required for the different color sensations to attain their 
maximum of intensity, or retinal inertia; the relative rate of 
fatigue to the different colors; after-image and contrast sen- 
sitivity, etc. 3 In fact there is not a quantitative problem 

tias constitute one set of factors that determines the sensitivity of the 
retina to the different colored lights. It is not necessary to assume, 
therefore, that a given amount of physical energy arouses an equal 
amount of chemical energy, etc., in order to make our determinations 
of the comparative sensitivity of the retina to the different colors in 
terms of physical units. That would be necessary only if we were try- 
ing to separate out the nerve filaments, and to measure or compare 
their sensitivity to the different colors in terms of physical units. But 
even in chemical theories when speaking of the comparative sensitivity 
of the retina to the different colors, we do not mean the comparative 
sensitivity of the nerve filaments alone. We include the reaction of 
the chemical substances as well. Our contention, then, is that if the 
determination of the comparative sensitivity of the retina to the differ- 
ent colors is a proper problem, the determination should be made in 
terms of quantities that can be compared. This can be done either 
a, by using lights equalized in energy and determining by means of a 
sectored disc the relative amounts of these lights that are required to 
arouse sensation; or b, by using lights representing different amounts 
of energy and measuring directly in terms of radiometric units the 
amounts required to arouse sensation. We scarcely need point out 
that in speaking of the comparative sensitivity of the retina to the 
different colors we are not raising a new problem, but are merely 
recognizing a very old one. 

The second criticism is in substance that a quantitative comparison 
of the effect of the different wave-lengths on the retina is improper 
because the different wave-lengths constitute stimuli too different in 
kind to permit of such comparison. This criticism we leave open, be- 
cause we do not wish to discuss in this paper the propriety of the 
problem of comparing sensitivities. 

3 It is conceivable that two points of view may be held with regard 
to what is meant by after-image and contrast sensitivity. (1) After- 
image and contrast sensitivity may express a relation between the 
amount of light required to arouse after-image and contrast sensations 
• and the unit of light used. (2) It may express a relation between the 
amount of light required to arouse the after-image and contrast sensa- 
tions and the amount required to arouse positive sensation. If the 
former view should be held it will be convenient to start with stimuli 
equalized in energy, and to determine the relative amounts of light 
required to arouse the after-image or contrast sensation by means of 
a sectored disc. If the second view should be held, the energy of the 
lights used may first be rendered proportional to the sensitivity of the 
eye to the colors in question ; and the liminal values may then be deter- 
mined by means of the sectored disc. In each case the relative sensi- 
tivity may be expressed by the inverse ratio of the open to the closed 
sectors. 

Similarly two views may be held with regard to the determination of 
the comparative rates of fatigue, and of the development-time of sen- 
sation. (1) Lights equalized in energy may be used. (2) The energy 
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dealing with the comparative functioning of the retina to the 
different colors in which there does not seem to be a need for 
the regulation and estimation of the stimulus in terms of a 
common unit of measurement. It is the purpose of the 
writers to extend the work as fast as possible into these 
related fields. 

(3) We wish to make a careful study of the sensitivity of 
the peripheral retina, quantitative* and qualitative, in a large 

of the lights may be made proportional to the sensitivity of the eye to 
the different colors. 

The need in both the above cases is equally great for a method of 
regulating and determining the amounts of light to be used in terms 
of a common unit of measurement. 

* The following are two of the points we wish to take up : ( 1 ) A de- 
termination will be made of the ratio of sensitivity of peripheral to 
central retina from point to point for a single color in several meridi- 
ans. This will show at what rate the retina falls off in sensitivity in a 
single meridian, and how uniform this decrease is in the different 
meridians. We have found in a preliminary study that this knowledge 
is greatly needed in explaining certain phenomena of the peripheral 
retina. Furthermore, when this determination is made for each of the 
colors with which we wish to work, the ratios of sensitivity for these 
colors at all the points can be calculated and a definite answer can be 
given to the question whether or not uniformity of ratio obtains 
throughout the retina. This question has been given considerable im- 
portance in the discussion of color theories. (2) The limits of sensi- 
tivity will be investigated. In general two problems are involved here, 
(a) The limits may be considered in relation to the comparative sensi- 
tivity of the retina to the different colors, (b) They may be consid- 
ered in relation to existing color theories. In the first of these prob- 
lems the limits should be obtained with stimuli equalized in energy. 
So obtained the results will constitute merely another expression of 
the comparative sensitivity of the retina to the different colors. The 
second problem is more complicated and will later be made the subject 
of a separate paper. A word indicating its relation to our present plan 
of work may, however, not be out of place here. It may be logically 
assumed, for example, that the Hering theory demands that wherever 
the blue-sensing substance is found, the yellow-sensing substance must 
also be found. We have no means of knowing where these substances 
are except by the sensations aroused. Speaking in terms of the theory, 
then, we have a right to assume that wherever the blue sensation can 
be aroused the yellow sensation should be able to be aroused also, pro- 
vided a sufficiently intensive stimulus_ be used. If, therefore, in pass- 
ing towards the periphery of the retina, a point be found where blue 
can be aroused and yellow can not, the evidence will be strongly in 
favor of the conclusion that no yellow substance is present, unless it 
can be shown that elsewhere in the retina so much greater energy of 
yellow light than of blue is required to arouse sensation that the 
amount needed for this far peripheral point is greater than can be 
obtained. To establish this point the comparative sensitivity to these 
colors would have to be obtained at various points in the retina. This 
would involve the determination of a ratio based upon the amounts of 
blue and yellow light required to arouse sensation. Two methods of 
measurement may be used, (a) The amounts needed may be measured 



RETINAL SENSITIVITY 33 1 

number of meridians. In general too much uniformity has 
been assumed with regard to the sensitivity of the peripheral 
retina. Generalizations of great importance to color theory 
have frequently been based upon the results of work in which 
careful investigation was made in only one or two meridians. 
The conception of stable colors, and its application in support 
of the Hering Urfarben may be taken as a fair example of a 
sweeping conclusion which is based upon work too limited 
in its range. With a careful standardization of factors, an 
investigation in any considerable number of meridians shows 
that stable colors do not exist. 5 Many other points of interest 
have come out in our more detailed study of the peripheral 
retina. For example, we find in the periphery of the normal 
retina small areas which are exact replicas of the Schumann 
case of color-blindness. 

(4) We wish to conduct our investigation in full daylight 
instead of in the dark room. This is to eliminate the influence 
of the field surrounding the colored stimulus and of the pre- 
exposure. When the surrounding field is black, white is 
induced by contrast across the stimulus color. Since the 
colors all differ in brightness, 6 the induction takes place in 
different amounts for the different colors. This white, in 
proportion to its amount, reduces the action of the colors 
on the retina. Further, a given amount of white affects to 

directly by means of a thermopile of the type we use, or other sensitive 
radiometer. In a determination of limens the number of readings re- 
quired would render this method tedious, (b) The energy of the two 
lights may be made equal by means of a thermopile and the final 
amounts required to arouse sensation may be secured by means of a 
sectored disc. From the ratio of open to closed sectors the amount 
the light is cut down in each case may be calculated and the ratios of 
energy may be determined from these amounts. 

"The following points are offered in support of the above state- 
ment. (1) A red and green cannot be obtained which in every merid- 
ian of the peripheral retina will pass into gray without an inter- 
mediate change into yellow or blue. (2) The amount of blue that 
has to be added to a mixture of red and green to produce gray 
varies from point to point in a given meridian even where the extra- 
macular region alone is considered. Further, a series of determinations 
made for a given meridian will not hold for the remaining meridians. 
(3) A red, green, and yellow can not be obtained which will not change 
in color-tone in passing from the center to the periphery of the retina 
in a single meridian. 

Blue alone of the four principal colors is stable in tone for all parts 
of the retina. 

' In a later paper one of the writers (Rand) will show that it is of 
no advantage to equate in brightness in determining the limits of color 
sensitivity, and that harm results in so many ways from the attempt 
to equate that it is doubtful whether it should be done even in de- 
termining the limens of color in the more sensitive parts of the retina. 
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different degrees the action of the different colors on the 
retina. To eliminate this twofold unequal action, the sur- 
rounding field should be made in each case of the brightness 
of the color to be used. This can be done by working in a 
light room of constant intensity of illumination and making 
the surrounding field of a gray paper of the brightness of 
the stimulus color. In order to accomplish this, and at 
the same time be able to work upon any meridian of the 
retina we choose, we have constructed a special piece of 
apparatus which we call a rotary campimeter. The influence 
of pre-exposure is even more important than of surrounding 
field. If the pre-exposure is to black, white is added as 
after-image to the stimulus color. The effect of a black 
pre-exposure upon the stimulus color is greater than the 
effect of a surrounding field of black, because more white 
is added as after-image of pre-exposure than is induced by 
contrast from the surrounding field. This effect also can be 
eliminated only by working in a light room of constant in- 
tensity of illumination and by choosing as pre-exposure a 
gray of the brightness of the color to be used. 

We began a quantitative study of the factors that influence 
the sensitivity of the retina to color three years ago. With 
the control of factors we had at that time, we could 
not, for example, duplicate by several degrees at any two 
consecutive determinations the limits of the zone of sensi- 
tivity to any color. The result of our study has been that 
we are now able with a given light-source to duplicate, 
within a degree, the results obtained at a previous sitting. We 
can also duplicate, almost as closely, the threshold values or 
the amounts of light required to arouse color sensation in the 
more sensitive parts of the retina. Details of this work will 
not be given here. They will appear in a series of papers to 
be published in the course of the present year. 

Having completed our work of standardizing the factors 
extraneous to the source of light, we are trying now to secure 
a better control of the source. Standardization, so far, can 
be considered successful only with regard to the quality of 
the light. No adequate work has been done upon the 
standardization of the quantity of light. We believe this 
can be accomplished only by means of energy determinations. 
We expect to do our radiometric work by means of a surface 
thermopile (Coblentz model), and a DuBois-Rubens Panzer- 
galvanometer, unless future results show that some other 
combination of radiometer and galvanometer is more 
satisfactory. 



